Energy beets could compete with corn grain as important industrial-sugar feedstocks for biofuels. However, long-term energy beet storage is necessary to maximize processing equipment use, and storage conditions may entirely differ from those established in the sugar industry. This work evaluated combined effects of surface treatment, temperature, and storage atmosphere on beet sugar retention. Initially, beets were dipped in solutions of either a senescence inhibitor (N 6 -benzylaminopurine) or one of two antimicrobial agents (acetic acid and pHresh 10.0 ) at weight fractions of 0.05 and 0.1%, and 0.1 and 1%, respectively. Beets were then stored for up to 36 wk either under aerobic conditions or in sealed containers, at 6 ∘ C or 25 ∘ C. Surface treatment did not show a statistically significant effect on sugar retention. Aerobic storage at 25 ∘ C enabled initial beet sugar retention due to dehydration caused by low relative humidity (37%) in air. In contrast, aerobic storage at 6 ∘ C enabled sugar retention for 24 wk; however, sugar retention decreased sharply thereafter to 56%. This decrease coincided with mold appearance on beet surfaces. Beets stored in sealed containers at both temperatures retained 38% of initial sugars. Increasing surface area to better incorporate preservatives into beet tissue could improve long-term sugar retention.
Introduction
In recent years, new sugarbeet (Beta vulgaris L.) varieties have been envisioned as a potential alternative to corn grain as an important source of industrial sugars. These varieties are referred to as energy beets and have been bred primarily for higher sugar yield per unit area as compared to beets for table sugar production, which are bred for higher sucrose content. Since 2010, energy beet yield trials have been conducted in the North Central U.S., where climatic conditions are among the most favorable for sugarbeet growth in North America [1] . Energy beets grown under non-irrigated conditions in North Dakota have yielded approximately 13.3 Mg ha −1 of sugars in hexose equivalents [2] . In contrast, sugarbeet for table sugar and corn yielded 11.3 Mg ha −1 [3] and 6.4 Mg ha −1 [4, 5] of sugars in hexose equivalents, respectively, in 2014. Beet industrial sugars are primarily sucrose, glucose, and fructose, with sucrose constituting 15 to 20% of the fresh beet weight, and both glucose and fructose representing only trace amounts of less than 0.1% [2, 6, 7] . These sugars may be readily fermented by microorganisms into important bioproducts, including advanced biofuels [8] . Stochastic simulations have already shown that sugarbeet may be an economically feasible feedstock for a 0.076 hm −3 y −1 ethanol plant in North Dakota [9] . Furthermore, sugarbeet is a commercial source of betaine [10] , while beet pulp has significant value as livestock feed [11] and is a potential feedstock for other bioproducts such as biodegradable thermoplastics [12] . Despite the great potential of energy beets to become a competitive industrial sugar feedstock in the U.S., these have a high moisture content, which could constitute a challenge for long-term storage in beet growing regions across the nation. Freezing halts sugarbeet-cell and microbial activities, thereby preventing sucrose inversion and accumulation of respiration and fermentation products in the beet tissue. Thus, freezing ensures satisfactory raw juice purification and sucrose crystallization efficiencies in the beet sugar industry [6] . Harsh winter conditions in the Red River Valley of the North Central U.S. allow natural freezing of sugarbeet. Here, defoliated sugarbeet is stored frozen for up to 180 d in piles on remote sites between fields and beet sugar processing facilities [6, 13, 14] . However, hot spots can occur within the piles creating favorable environments for microbial activity, which can yield significant sugar losses [6, 13] . Additionally, freezing enhances cell wall rupture leaving cell contents, including sugars, susceptible to leaching during beet washing and fluming into the factory. Other beet-growing regions in the U.S., characterized by warmer climates, can only store freshly-harvested beets in small piles for significantly shorter periods to avoid substantial sugar loss. For example, in southern California (a Mediterranean-climate region) and northeastern Colorado (a temperate-climate region) the recommended maximum storage times for beets are 20 h [13] and 6 wk [14] , respectively.
Without freezing, stored sugarbeet maintains metabolic processes, such as respiration, that convert sugars into energy to repair tissue wounded during harvest and handling, and to increase defense against pathogens [15] . The major cause of sucrose loss in freshlyharvested beets is respiration [16] , which may consume up to 80% of initial sucrose content in beets stored for 112 d at 5
∘ C [17] . Modified, controlled storage atmospheres and application of chemical solutions to the beet surface have been evaluated as alternatives to frozen storage in an attempt to reduce respiration and microbial activity, and consequent sugar loss in freshly-harvested beets. Karnik et al. [18] reported that a modified, controlled atmosphere composed of 5% oxygen (O 2 ), 6% carbon dioxide (CO 2 ), and 89% nitrogen (N 2 ), helped retain up to 87% of initial sucrose content in sugarbeet stored for 200 d at 2 ∘ C.
Fungal growth on beet surface and sprouting were also significantly reduced under the same storage conditions, as compared to control beets. Wu et al. [19] reported that freshly-harvested beets dipped for 1 h in aqueous solutions of N 6 -benzylaminopurine (a senescence inhibitor)
and Randox (a herbicide) at 500 mg kg −1 , and stored for up to 182 d at 10 ∘ C, retained 84% and 85% of their initial sucrose content, respectively. These two chemicals were most effective in reducing sucrose loss among six chemicals tested. In the same study, beets dipped in water (control) lost about 23% of their initial sucrose content.
Other chemicals, such as acetic acid and acidic calcium sulfate, have been used to prevent postharvest decay of fruit. For example, vapors of aqueous solutions of acetic acid at volume fractions between 4.2 and 6% prevented decay caused by gray and blue mold in apples incubated for 5 to 7 d at 20 ∘ C [20] . Litchi fruit dipped for 2 min in solutions of acidic calcium sulfate at volume fractions > 2.5% showed no signs of mold after storage for 15 d at either 5 ∘ C or 10 ∘ C [21] . However, neither of these chemicals has been previously tested on beets; hence, optimum concentrations to prevent microbial growth may be completely different than those found in the studies mentioned above. Storage techniques with minimal risks of sugar loss (as compared to frozen pile storage), that could also be adopted by regions with warm climates, are necessary to achieve long-term industrial sugar retention in energy beets. These techniques would allow yearlong operation of industrial facilities to convert energy beets into useful bioproducts such as biofuels. The main objective of this research work was to determine combined effects of surface treatment, temperature, and storage atmosphere on industrial sugar retention in beets stored for up to 36 wk. Combinations of these storage techniques may result in additive effects that could favor sugar retention in beets throughout long-term storage. 
Materials and Methods

Sugarbeet -Collection and preparation
Experimental design
Initially, a subset of seven replicates containing eight beets per replicate was analyzed for sugar content according to the sugar extraction and quantification methods described later in subsection 2.5. The sugar content in these beets was used as a baseline (i.e., initial sugar content in all beets going into storage). Aqueous solutions of three preservatives were prepared and applied independently to the beet surface, each at two concentrations. Control samples consisted of beets treated with tap water following the application procedure described below. Surface-treated beets were stored for 2, 4, 12, 24, and 36 wk either aerobically or in sealed containers with an initially modified storage atmosphere, and at either 6±1 ∘ C and 89±11% RH or room temperature (25±2 ∘ C) and 37±13% RH. This resulted in 28 independent treatment combinations prepared in triplicate for each of the five storage times. Thus, a total of 420 experimental units were prepared and analyzed throughout the 36-wk period.
Beet surface treatment
The three preservatives evaluated in this study consisted of one senescence inhibitor and two antimicrobial agents, which were applied independently to the beet surface. The senescence inhibitor was N 6 -benzylaminopurine (Caisson Laboratories; North Logan, UT, USA) and the antimicrobial agents were acetic acid and pHresh 10.0 (pHresh Technologies; Sabetha, KS, USA). pHresh 10.0 is a commercial product that contains 40 to 50% acidic calcium sulfate as its active ingredient. Solutions of the senescence inhibitor were prepared at weight fractions of 0.05 and 0.1%; whereas, solutions of the antimicrobial agents were prepared at weight fractions of 0.1 and 1%. Each experimental unit consisted of 8 beets which were randomly packed in mesh bags (56 × 46 cm, ULINE; Eagan, MN, USA). The mesh bags containing beets were submerged in pairs for 5 min in four 68-L tote boxes, each initially containing 18.2 kg of the solutions described above; the solutions were not replaced throughout the dipping step. Subsequently, dipped beets were placed on wood pallets and allowed to drain, and their surface was dried for 15 min with room air (25±2 ∘ C, 37±13% RH) assisted by box fans. Beets used as the experimental control were submerged for 5 min in tap water and air-dried in the same manner.
Storage methods
After air-drying, beets to be stored under aerobic conditions (ambient air) were left in mesh bags and weighed before storage. Beets stored under aerobic conditions at 6±1 ∘ C or 25±2 ∘ C were exposed to a relative humidity of 89±11% or 37±13%, respectively. Beets to be stored in sealed containers with an initially-modified atmosphere were packaged in modified 19-L high-density polyethylene pails with lids. One of the modifications to the pails consisted of mounting a 0.64-cm barbed polypropylene check valve (Ark-Plas Products, Inc.; Flippin, AR, USA) with a cracking pressure of 3.45 kPa, to the base to relieve any pressure exerted by respiration and fermentation gases produced by beets throughout storage. Also, a 1.27-to-0.95-cm National Pipe Tapered Thread (NPT) polyethylene hose reducer with a cap on the narrow end, and a polyethylene tee fitting with a 1.3-cm NPT and two 0.64-cm barbs, were mounted on the outer side of the lids of the pails. Galvanized hardware cloth, with 1.3-cm mesh and overall dimensions of 21.6 × 30.5 cm, was used to hold the beets above any exudate produced during storage. A diagram of a sealed storage unit and an image of an actual unit are presented in Figures 1a and 1b. The tee fitting was used as an inlet for the purge gas before storage and as a storage-atmosphere sampling port after storage. The low end of the tee fitting was sealed with a Suba-Seal septum (Sigma-Aldrich Co.; St. Louis, MO, USA) before flushing the storage units. The storage atmosphere was modified by flushing the pails with a gas mixture consisting of CO 2 , O 2 , and N 2 at volume fractions of 6, 5, and 89% (Matheson; New Brighton, MN, USA), respectively, introduced through the high end of the tee fitting. The check valve was removed during the flushing step to allow free gas flow within the pails. Each pail was flushed for 4 min and the check valve was subsequently replaced and the purge-gas inlet sealed with a Suba-Seal septum. Immediately after flushing, the storage atmosphere was analyzed as described in subsection 2.5. The experimental units were weighed and stored at either 6±1
∘ C or 25±2 ∘ C for up to 36 wk. At the end of each storage period, the storage atmosphere within the units was analyzed and the barbed hose reducer was used to drain exudate released by the beets throughout storage.
Analytical methods
Experimental units were stored in triplicate for up to 36 wk and sacrificed after each storage period for sample analyses. Before collecting beet-tissue samples, each experimental unit was weighed to quantify moisture lost during storage. Also, before tissue sampling, the atmosphere of each sealed storage unit was characterized using a Pac Check 325 hand-held headspace analyzer capable of quantifying O 2 and CO 2 (MOCON; Minneapolis, MN, USA). The headspace analyzer was calibrated before analysis with ambient air using the Cal-Smart option, according to manufacturer's specifications. Ambient air samples were analyzed after every five experimental units to verify and ensure accurate readings. Beet-tissue samples were collected at specified time intervals (2, 4, 12, 24, and 36 wk), by drilling each beet with a power drill equipped with a 1.6-cm spade bit. Drilling was initiated below the beet crown and proceeded in transversal direction extending toward the root tip. Samples were immediately placed in individual Ziploc bags (S.C. Johnson & Son, Inc., Racine, WI, USA), mixed thoroughly by inverting each bag several times, and frozen overnight in a chest freezer (at about −25 ∘ C) to enhance the rupture of cells and facilitate sugar extraction. Each sample was processed following the cold digestion method for extraction and determination of sugar in cossettes [6] . The pH of resulting extracts was adjusted to a value between 6 and 8, using calcium carbonate, to comply with method recommendations for HPLC analyses. The moisture weight fraction of each sample (on a wet basis) was determined by oven-drying between 9 to 12 g of beet tissue in aluminum weighing dishes at 105 ∘ C for 24 h. The moisture loss of each sample was calculated as:
where x 0 and x(t) are the moisture fractions in beet tissue at the start of storage and as a function of time, respectively, and M 0 and M(t) are the beet tissue masses at the start of storage and as a function of time, respectively. Moisture content in the tissue versus time was fitted to a first-order kinetic model of the form:
where t is time in wk and k is the moisture change rate constant in units of wk −1 . This rate constant was determined and used to describe rate of moisture content change. The concentrations of industrial sugars (defined here as sucrose, glucose, and fructose) extracted from beettissue samples were determined by HPLC at the beginning of the experiment and at the specified time intervals, as described by Vargas-Ramirez et al. [8] . Exudate samples were diluted with 18.2-MΩ·cm water in a volume ratio of 1:3 and the pH of the resulting solutions adjusted with a 7 mol L −1 NaOH solution to values between 6 and 8, per method recommendations for HPLC analyses. Sugar concentrations in exudate samples were also determined following the same method. Ethanol concentration in beet tissue was determined directly on extracts used for sugar analyses, following the HPLC method described by VargasRamirez et al. [8] . Ethanol concentration in exudate solutions was determined in the same manner. The industrial sugar and ethanol concentrations in the beet tissue and exudate were translated to weight of hexose equivalents per weight of beet tissue (on a wet basis). This translation was done assuming a complete hydrolysis of sucrose into glucose and fructose, and that ethanol present in the samples resulted from the fermentation of hexoses at a maximum theoretical ethanol yield. Weight fractions of hexose equivalents were then combined to obtain overall sugar concentrations. Initial and final sugar quantities were estimated as the products of initial sugar concentration and initial beet weight (both on a wet basis), and final sugar concentration and final beet weight (both on a wet basis), respectively. Furthermore, sugar retention throughout storage was estimated as:
where IHE and FHE represent initial and final sugar quantities in hexose equivalents (given in consistent weight units), respectively.
Statistical analysis
SAS software (Version 9.4 -SAS Institute Inc.; Cary, NC, USA) was used for all statistical analyses. The destructive nature of the sugar extraction method followed for initial (baseline) and final sugar quantification in beet tissue rendered the use of different beets necessary. Hence, two-sample t-tests were conducted to compare means of initial and final sugar quantities in beets stored for up to 36 wk. Sugar retention as a result of storage time and temperature combinations was fitted to a cell means model for beets stored under aerobic conditions and in sealed containers. Furthermore, Tukey's studentized range test [22] was used to compare multiple sugar retention means as a result of storage time and temperature combinations; the significance level for the tests was set to α = 0.05. All graphical representations of data were generated in SAS using GPLOT, SGPLOT, and GCHART procedures.
Results and Discussion
Storage under aerobic atmosphere
The combined effects of surface treatment, temperature, and storage atmosphere on industrial sugar retention in sugarbeet was evaluated. The goal was to minimize sugar loss during a 36-wk storage period. In general, beets stored aerobically at 6 ∘ C had a significant sugar loss as indicated by p-values < 0.05 from the corresponding two-sample ttests (Table 1) . On the other hand, sugar quantities in beets stored at 25 ∘ C appeared to have increased, which is difficult to justify since beet sugars cannot increase during storage. However, two-sample t-tests indicated no statistically significant differences between initial and final sugar quantities in these beets (Table 1 ). Figure 2 shows the industrial sugar retention in the same beets. Sugar retention means that were lowest within each temperature group are encompassed by dashed rectangles in Figure 2 . Surface treatment effects on sugar retention were not consistent among storage temperatures. Moreover, sugar retentions for beets that received surface treatments were not significantly different than retentions of respective controls when stored at 6 ∘ C (p-value = 0.174) and 25 ∘ C (p-value = 0.345). Hence, under the conditions evaluated in this experiment, surface treatments did not have a significant effect on sugar retention during storage. For this reason, subsequent statistical analyses ignored the effect of surface treatments by merging data with respect to temperature and storage periods. The initial moisture weight fraction in beets (prior to storage) was 73±1%. After 36 wk, beets stored under aerobic atmosphere and at 25 ∘ C had lost 98±1% of their initial moisture fraction (Figure 3 ). On the other hand, beets stored for the same time period under the same atmosphere and at 6 ∘ C lost only 77±4% of their initial moisture fraction. The contrasting moisture losses were a result of the very different relative humidities in each storage space. The storage space at 25 ∘ C had a relative humidity of 37±13% which enhanced the dehydration of beets throughout the storage period, yielding a first-order moisture change rate constant of 0.066 wk −1 (p-value < 0.0001). In contrast, the cold room (at 6 ∘ C) had a relative humidity of 89±11%, which yielded a much smaller first-order moisture change constant of 0.018 wk −1 (p-value < 0.0001).
Beets stored at 6 ∘ C retained up to 100% of their initial sugar content (p-value = 0.134) for up to 24 wk (Figure 4 ). An abrupt sugar drop occurred after 24 wk, which coincided with the appearance of significant mold on beet surfaces, and sugar retention fell to 56±13% of initial sugars by week 36. In contrast, as reported above, beets stored under ambient temperature and an associated relative humidity of 37% did not show a decrease in industrial sugars over the 36-wk storage period (Figure 4) . Instead, sugar retention appeared to increase to 116±8% after 36 wk of storage; however, an increase in sugars is not possible. Further statistical analyses using Tukey's studentized range test indicated that the initial and final sugar quantities of these beets was not statistically different ( Figure 4) . Hence, it was concluded that, under these conditions, industrial sugars were adequately retained throughout the storage period. Successful retention may have been a result of beet tissue dehydration and an associated decrease in water activity. However, despite a successful retention of industrial sugars, these dehydration conditions are not economically feasible for conventional storage piles, which typically contain thousands of tons of beets. Although such a technique may not be viable at industrial scale, it may be useful when conducting smaller experiments, such as at a pilot scale.
Storage in sealed containers
After flushing the storage units with the gas mixture described in subsection 2.4, the initial storage atmosphere consisted of 5.5±0.1% O 2 , 5.1±0.1% CO 2 , and the remainder nitrogen. The initial presence of oxygen and the high moisture in the beet tissue constituted a favorable environment for mold growth observed on the beet surface. Moreover, beets stored in sealed containers were isolated from the effect of relative humidity in air and, hence, had greater surface moisture in comparison to beets stored under aerobic conditions. This intensified mold proliferation on the beet surface early into the storage period. Additionally, unlike beets stored under aerobic conditions, beets stored in sealed containers exuded a liquid substance that was collected for further analysis. This exudate was rich in microbial fermentation products, including ethanol, and also contained some residual sugars. Ethanol and residual sugars in the exudate were translated to hexose equivalents and counted as part of total sugars retained during storage. Bacteria and yeast colonies have been isolated from fresh internal sugarbeet tissue [23] and partly associated . This suggested the presence of fermentation products in the beet tissue and, hence, ethanol was quantified. Besides hexose equivalents from ethanol and residual sugars in exudate, hexose equivalents from ethanol in the beet tissue were also taken into account when estimating final sugar quantities. Even after accounting for residual sugars in exudate, and ethanol in exudate and tissue, nine out of twelve treatment combinations showed a statistically significant sugar loss after 36 wk of storage, by means of two-sample t-tests ( Table 2 ). The other three treatment combinations showed variances sufficiently large for t-tests to indicate that sugar losses were not statistically significant, though all showed a marked decrease. The ethanol in the beet tissue accounted for 23 to 54% of final sugars in beets stored at 6 ∘ C, and 44 to 80% of final sugars in beets stored at 25 ∘ C (Table 3) . Thus, this ethanol substantially contributed to hexose equivalents retained during storage. Also, the exudate collected from the storage containers was equivalent to 3 to 5% and 5 to 9% of initial fresh weight of beets stored at 6 ∘ C and 25 ∘ C, respectively. These exudate fractions represented 3 to 9% and 8 to 22% of hexose equivalents retained in beets stored at 6 ∘ C and 25 ∘ C, respectively (Table 3 ). In general, hexose equivalents from residual sugars and ethanol in the exudate accounted for a smaller portion of final sugars, as compared to those from ethanol in the tissue. Nonetheless, their contribution should not be ignored as it influences overall ethanol potential from beets stored under these conditions. Sugar retentions in beets stored in sealed containers at 6 ∘ C and 25 ∘ C, typically ranged from 30 to 50% (Figure 5 ). Sugar retention means were not significantly different for beets stored at 6 ∘ C (p-value = 0.181) and at 25 ∘ C (p-value = 0.212). In fact, sugar retentions of beets stored at both, 6 ∘ C and 25 ∘ C, were also not significantly different between temperature groups at the end of the 36-wk storage period (p-value = 0.054). Thus, none of the surface treatments showed a significant effect on sugar retention in beets stored at either temperature. Hence, combining data for all six treatments at both temperatures, beets stored 36 wk in sealed containers retained, on average, 38±13% of initial sugars. Such retention was significantly lower as compared to that of beets stored aerobically at 25 ∘ C, which retained up to 100% of initial sugars.
Since surface treatments did not show a statistically significant effect on sugar retention, subsequent statistical analyses ignored the effect of such treatments by merging data with respect to temperature and storage periods. The O 2 in units at 6 ∘ C dropped slowly and was depleted by week 24. Moreover, the atmosphere in these units showed a steady increase in CO 2 throughout the storage period, reaching a concentration of 36±7% by the end of storage. In contrast, the O 2 concentration in the storage atmosphere in units at 25 ∘ C dropped sharply to 0.3±0.1% by week 2, while CO 2 increased to 64±12% (Figure 6 ). By week 4, this atmosphere had evolved to reach a maximum CO 2 concentration of 82±10%. After this point, the CO 2 concentration unexpectedly began to drop and a gradual increase in oxygen was detected. A thorough inspection of storage units showed that the seal septa placed on the tee fittings in those units had cracked due to dryness caused by the low relative humidity of air, allowing air to leak into the units. In comparison to beets stored aerobically, beets stored in sealed containers showed an increase in moisture content throughout storage (Figure 7) . Beets stored at 25 ∘ C
showed an increase of 9±2% in moisture content by week 12. This increase was adequately described by a firstorder kinetic model with a rate constant of 0.015 wk −1 (p-value < 0.0001). After 12 wk, the moisture content of these beets remained unchanged (p-value = 0.856). In contrast, beets stored at 6 ∘ C showed an increase of 5±3% in moisture content by the end of the 36-wk storage period. That increase occurred gradually, according to a firstorder kinetic model with a rate constant of 0.003 wk −1 (pvalue < 0.0001), throughout the storage period, and coincided with O 2 depletion and CO 2 appearance in the atmosphere within those storage units. Such changes were most likely caused by beet and microbial respiration (processes that require oxygen), and subsequent microbial fermentation, with all of these processes utilizing sugars and yielding CO 2 , water, and other volatile liquid products. Moreover, unlike beets stored aerobically, these beets were isolated from the dehydrating effect of low relative humidity, which allowed for the accumulation of these respiration and fermentation products in the beet tissue. Beets stored at 6 ∘ C retained > 80% of their initial sugar quantity during the first 24 wk of storage and sugar retention decreased more rapidly thereafter (Figure 8 ). By week 36, these beets had retained only 37±8% of initial sugars. On the other hand, beets stored at 25 ∘ C retained > 80% of their initial sugar quantity for only up to four weeks, decreasing sharply thereafter to reach a plateau by week 12 ( Figure 8 ). This stability was likely a result of the accumulation of ethanol and other fermentation products in the beet tissue, which halted microbial activity. By week 36, only 46±16% of initial sugars remained in beets stored under these conditions. Overall, refrigerated conditions provided an advantage over room temperature for up to 24 wk of storage (Figure 8 ). However, no significant difference in sugar retentions between beets stored at 6 ∘ C and 25 ∘ C was detected at 36 wk.
Conclusions
The low relative humidity (37%) in ambient air at 25 ∘ C promoted beet tissue dehydration, significantly reducing its water activity and favoring industrial-beet sugar re-tention. Beets stored under these conditions for up to 36 wk showed a sugar retention of up to 100%; nonetheless, these dehydration conditions may not be economically feasible in conventional storage piles, which hold thousands of tons of beets. On the other hand, storage in sealed containers offered no benefit to industrial sugar retention in beets stored at either 6 ∘ C or 25 ∘ C; these beets showed an average retention of only 38% of initial sugars. Although, surface treatments showed no statistically significant effect on beet sugar retention, a reduction in sample variability may have shown otherwise. A larger number of beets per treatment may be used in future experiments. Moreover, beets may be sorted by similar initial sugar contents in samples. A non-destructive method (e.g., near-infrared spectroscopy) could also be developed to quantify industrial sugars and ethanol in the same beets before and throughout storage. Alternatively, beet tissue could be ground and mixed thoroughly; this may reduce variability and at the same time increase surface area. Increased surface area would allow better incorporation of preservatives, such as acidulants, which could improve sugar retention in tissue that would essentially be ensiled.
